Abstract -The origins of this historical overview are summarized; namely, the substantial interest in philosophy and engineering and the application of philosophy to engineering education that has emerged in the last five years. Engineering faces a number of identity crises not least among them are on the one hand how it differs if at all from applied science, and on the other hand how it differs from technology. Related to this is the problem of the public identity of engineering and the influence that engineers are able to wield on public policy. Another crisis relates to the engineers role. Is an engineer a scientist or manager? A related question that has a special bearing on education is the relative status assigned to science when compared with design. Attempts to develop a philosophy of engineering are summarized. The argument that engineering educators should have a defensible philosophy of education is summarized, and the value of screening aims and objectives demonstrated. Arguments for teaching engineering students are summarized, more particularly those that advocate the teaching of the philosophical method as an aid to learning engineering on the one hand, and those that programs focused in one way or another on the teaching of philosophy per se. Finally, some recent developments in the teaching of ethics to engineering students are discussed and the recent interest in moral development following Kohlberg's theory is noted.
INTRODUCTION
After the Frontiers in Education Conference (FIE) in 2006 three of us who regularly contributed to this conference and who were members of the Educational Research and Methods Division (ERM) of the American Society for Engineering Education (ASEE) came to the conclusion that philosophy was a neglected sphere of interest in the thinking of engineering educators. Each of us (John Heywood, Roy McGrann and Karl Smith) had had some formal exposure to the philosophy of education and though we each had different agendas we thought that the philosophy of education had important contributions to make to educational policy making and student learning. One of us (KS) in the July 2003 issue of the Journal of Engineering Education had contributed an article in the regularly featured 'academic bookshelf' on Educational Philosophy and how it could contribute to engineering education [1] . Another (JH) had reviewed the field [2] and found that most of the activity related to the teaching of ethics with the exception of a major work by Koen [3] that had originated in a small monograph published by ASEE in 1985 [4] . Accordingly we proposed that a special session should be run at FIE 2007 that would seek to answer such questions as for the design of the curriculum?" [5] At the 2007 ASEE annual conference Grimson delivered a paper on the philosophical nature of engineering. We also learnt that there was to be a workshop on philosophy and engineering shortly after FIE at the University of Delft that would bring together both engineers and philosophers. This workshop had been triggered by workshops/seminars stimulated by the National Academy for Engineering in the US and the Royal Academy for Engineering in 2006 [6] . In parallel with that development a group of engineers and philosophers in Europe produced a textbook in the philosophy of science for engineers that they called Philosophy in Engineering [7] . The Delft workshop was organised around three parallel themes. The organizers called them demes [8] . They were philosophy, ethics and engineering reflection. Although there was no specific deme for engineering education some of the papers would have implications for the engineering, as for example a paper by Goldberg [9] . He was much more specific in his contribution to the London workshop [10] . Delft workshop was to examine the possibility of developing a philosophy of engineering [8, Ch 1] . Such was the success of our special session at FIE that we decided to propose another special session for FIE 2008 [11] , and to organize a paper session completely devoted to the topic. Bill Grimson, Trevor Harding, and Russell Korte joined us. Whereas we had specifically kept clear of ethics in both of our special sessions, Harding's controversial paper on the psychology of moral development brought us into that arena. [12] . Once again a fortnight or so later the Royal Academy of Engineering hosted a second workshop on Philosophy and Engineering [13] . In 2009 FIE hosted two special sessions that were introduced by a common paper in the Proceedings [14] . The second session facilitated by Korte and Smith won the FIE Helen Plants Award. In 2010 the previous workshops were followed by a third one-day workshop in Golden, Colorado. There were considerable differences between the participants attending the FIE sessions and the workshops. At FIE there were persons who educated engineers from the liberal arts and social sciences, as well as engineers. There were also those who taught on the newly developing courses in engineering education. A few of the FIE "regulars" persisted. The participants at the workshops included philosophers with long standing interests in technology among engineers and engineering educators. In Denmark and Holland the philosophy of technology is sometimes equated with the philosophy of science. There are higher degree programmes in the subject, and in Denmark it is a compulsory part of the education of engineers [15] .
While the discussions provoked considerable interest answers to the questions put were not found. It also became clear that to pursue a philosophy of engineering education without a clear view of a philosophy of engineering was nonsensical. While it might prove difficult to bring the two groups together it would not be difficult to organize a workshop in which a discussion of the philosophy of engineering preceded work on the philosophy of engineering education with a view to some practical outcomes. It was with those aims in mind that the ERM division of ASEE, and the IEEE Education Society with the support of the National Science Foundation agreed to sponsor an invitation workshop at the 2011 FIE. The purpose of this paper is to provide a background review of developments for that workshop. It is a revised and much extended version of a review presented at the 2008 FIE [16] . The first part of the review is devoted to issues in the philosophy of engineering but begins with a short note on the identity crises in engineering that were identified by Williams and others.
THE ENGINEER'S IDENTITY CRISIS
Several writers, among them Williams [17] , have argued that engineering faces an identity crisis. Williams suggests the fragmentation that has been brought about by specialization has caused engineering to lose its identity. A question to be asked is whether or not within each of these specializations there is something specific that is identifiable as engineering? Answering this question is why the determination of whether or not there is a philosophy of engineering is so important.
Dias argues that there is not one crisis, but three crises [18] . Depending on what is meant by 'crisis' it is possible to distinguish other crises to those distinguished by Dias. His first crisis relates to engineering knowledge: is it theoretical or practical? Clearly this relates to engineering education and its' purpose. When practices in different countries are analyzed in respect of their attitudes to craft it is shown that such attitudes are the products of their cultural development. Moses comments on the fact that the craft of engineering is seldom mentioned. Yet engineering is a mix of, craft, technology and science [19] . An engineer has to know how things are made. Moses points out that while Germany and Japan have positive attitudes towards the craft dimension, they are entirely negative in the UK. He suggests that the US occupies a midway position. Moses draws attention to the fact that these different approaches come from historical traditions that go back to Aristotle's organization of the city states, Plato's just society, and Darwin's evolution. The questions of knowledge are the questions of epistemology (see below).
The second crisis relates to the engineering role. Is the engineer a scientist of manager? It is a question for ontology because engineers need to know who they are. But it is also an educational problem for, if as Davis [20] reports, the relationship is one of degree then some form of management study would surely be part of an undergraduate programme in engineering. Long ago in the UK Youngman and his colleagues showed that there was a managerial component in most jobs, however lowly, in the innovative engineering enterprise they evaluated [21] .
The third crisis relates to the engineer's influence, which is a matter of ethics, a matter that is partly dealt with in ethics courses but it is also a problem for design since the designer's personal values may influence his/her design. Thus a key question put by Coles and Norman is "What is the role of skills and values in the design decision making process [22] . They point out that because of the ill-designed nature of design problems they have to employ decisionmaking strategies other than those used in scientific decision-making (satisficing); values necessarily play a part in this process. Coles and Norman distinguish between internal and external values. Satisficing is a concept introduced by Herbert Simon. van de Poel discusses the conflicting values in engineering design and satisficing because trade-offs have to be made [23] . Is it surprising to find that there is very little in the literature about reasoning in aesthetics in engineering? Haupt and Blignaut considered the value of a model of evaluation by Kirkpatrick in evaluating aesthetics learning in design and technology courses in schools [24] . There is, of course considerable interest in engineering design and much has been written about approaches to its teaching [25] . The paradox is that in spite of the importance assigned to design by policy makers, and that design plays a central role within engineering, engineering design has lowly status in engineering departments whereas engineering science has the higher status. Is this a fourth crisis of identity for engineering educators? Others will describe these identity crises in different ways but its relevance to engineering education can be seen in a small-scale qualitative study by Pawley. She interviewed ten engineering educators in an engineering school and found that as between them there were three different narratives that were used to describe their perspective of their work. These were, engineering as applied science; engineering as problem solving, and engineering as making-things [26] . Pawley points out that these narratives are important as they are passed on to students. Moreover, they are at odds with the 2008 report of the National Academy of Engineering [27] . They add little clarification as to whether engineering is practical or theoretical and in this respect there is the further question of "how do these different perspectives match up with the perspectives that engineers working in industry have of themselves?" So we have to turn to epistemology and ontology to find out what engineers know and how they know it, and what engineers do and how they do it.
Finally, there is the problem of the public identity of engineering. In spite of the fact that engineering is for the most part identified by professional organizations that use the term engineer or engineering in their title, and that engineering is taught in departments or schools of engineering it may be argued that the public perception of engineering is confused because of recurrent use of the terms "technology" and "technician".
It is noteworthy that in the UK the Institution of Electrical Engineers merged with the Institution of Incorporated Engineers to become the Institution of Engineering and Technology (IET). Is this the shape of things to come? Will the terms be used together? Or, is this a very British thing? Hopefully the search for a philosophy of engineering will shed some light on this matter for it should differ from the philosophy of science as well as the philosophy of technology.
PHILOSOPHIES OF SCIENCE, ENGINEERING, AND TECHNOLOGY
The first sentence of the preface of Philosophy in Engineering reads, "this book is intended for courses in philosophy of science for engineers at the bachelor's level in engineering studies" [7] . It is not word play to ask if this simply means the application of the philosophy of science to engineering. Does it mean that its goals could be achieved by the study of the pendulum as is undertaken by Matthews [28] in his illustration of how the history and philosophy of pendulum motion can contribute to science literacy with a few engineering applications thrown in, or does it mean something different? Whatever, is meant it does mean that attention has to be paid to the philosophy of science for it may be argued that if engineering is simply the application of science then surely there is no need for a separate philosophy of engineering. Moreover there is a wellaccepted body of knowledge that is called the philosophy of science. This has implications for engineering education for with the beginning of the nineteen sixties and the launching of the great curriculum development projects in schools in the UK and the USA, university departments (schools) of science education for the training of teachers were established in many countries, and with them came a philosophy of science education [29] . If engineering is applied science, then surely the philosophy of science education applies to engineering education? The answer would appear to be yes. During the nineteen fifties in the UK there is evidence that some authorities, in particular industrialists thought that engineering was something different to science [30] , and in 1968 the Dean of the Faculty of Engineering Science of the University of Liverpool, Harry Edels, argued in a Ministry of Education journal that engineering was a different way of thinking to physics [31] . Oddly enough in the title of his article he used the term 'technology' rather than engineering yet his aim was to advocate the teaching of engineering science in schools as an alternative to physics. This idea that as between the different subjects of the curriculum there are different ways of knowing had been advocated by the ViceChancellor of the University of Lancaster, Sir Charles Carter, when he promoted the compulsory teaching of science through specifically tailored subjects to all arts (humanities) students in the university [32] . One of those involved in the debate suggested that while similar problem finding and solving mechanisms were generic the differences between subjects arose from the way in which they dealt with concepts such as "uncertainty". This is illustrated by an essay question that was set to students in the physics-for-arts students course that read: "Distinguish between the terms 'mistake', 'discrepancy', 'uncertainty', 'systematic error', and 'random error' as applied to the experimental testing of a hypothesis. Compare the usefulness of the concept of error as used in physics with that of error occurring in the study of your major study" [p 85, 32] .
Evidently this idea foreshadowed Goldman's clusters of concepts thesis to come in 2004 (see below). At the second workshop Moses discussed the importance of understanding the meaning of terms as they are used in different subjects [33] . He was particularly concerned to show how the meaning of terms differed as between computer science and traditional engineering and affected their ontology not withstanding the importance of the ensuing linguistic analysis. The concepts that he considered were form, function, performance and properties; uncertainty; complexity; dealing with change, and -flexibility, robustness and resilience.
Edels also foresaw that the science-based course at the university had to be broadened. A design unit was established and an industrial studies unit created. The latter might have been better called engineering management for its focus was to ensure that students understood how to manage all aspects of a business. A key part of its work was to enable mechanical engineering students to obtain exemption from the Engineer in Society examination of the Institution of Mechanical Engineers, which at that time, was a requirement if they wished to become 'chartered'. Thus in addition to the business component the students received a trans-disciplinary course that bridged organizational behaviour, industrial relations, economics, and history. Strangely enough the only report of this course, which includes a philosophical rationale was made to the ERM division and it is in its 1973 proceedings [34] . At the time those responsible for the regulations of the Institution believed engineering students should be exposed to the social history of engineering. They also highly recommended a book of that title by the polymath Harry Armytage [35] . It seemed that there was a naïve belief that history was simple and linear. Progress begets progress. In a personal statement in the first volume of Techné with the title "Philosophy and technology after twenty years" Frederick Ferré an analytical philosopher of religion gained an interest in environmental issues. It became clear to him that "human population and human technology are the two primary ways by which our species has its impact on the planet" [39] . So in a course in a new philosophy department he focused on the technological side of a course he called 'Technology and Values'. Universities and colleges began to develop courses in technology and society, books were written and in the nineteen eighties the Sloan Foundation sponsored developments in STS (Science, Technology and Society) Courses. But they seem not to have been developed specifically for engineering students. Ferré was dismayed by the failure of the Philosophy of Science Association to attend to technology, and to hear that it was not "philosophically interesting". Presumably views like that contributed to the founding of the Philosophy and Technology Society.
Mitcham distinguished between two trends in the study of technology and society. [38 p ix) , and seems to function at the boundaries of philosophy, history and sociology, the point at where they interlock. The debates within the field have been reviewed on at least two occasions [40a/b]: Engineering scarce gets a mention. They lead to the question "In what way is a philosophy of technology different from a philosophy of engineering, if at all?" Unfortunately although it has not been on our agenda it is a question from which there is no escape for the identity of engineering is bound up in its answer as much as in responding to Williams point that the increasing number of specialisms in engineering have caused it to lose its identity [17] . If a philosophy of engineering can be established then Williams' thesis that engineering no longer has an identity is challenged for a curriculum or curricular could be constructed to meet the aims of that philosophy.
PHILOSOPHY AND ENGINEERING
An early attempt to answer the question "is there a philosophy of engineering?" is to be found in a paper by Steven Goldman who in 2004 came at the issue from a completely different angle to Williams -philosophical not historical. Yet in the report of the first (Delft) workshop [8] there is no reference to that study in which he sets out to argue, "why we need a philosophy of engineering" although he considers the study to be "work in progress" [41] . The argument is based on the view that reasoning in engineering is different to the reasoning that underlies modern science. Goldman believes that engineering is undervalued in the high culture of western society because it is a contingent activity. It is in contrast with the model of rationality that underlies modern science, which is that of necessity. It is cognate with 'certainty', universality', 'abstractedness' and 'theory', which are concepts of Platonic philosophy. He suggests that there are two clusters of concepts that distinguish the two "modes of reasoning […] of what it means to give reasons and to be reasonable, and of what will constitute knowledge and truth". These clusters derive on the one hand from the Principle of Sufficient Reason (PSR) on which science is based, and on the other hand from what he calls the Principle of Insufficient reason (PIR) on which engineering reasoning is based. For example 'intellect', 'reality', 'knowledge', 'truth', 'certainty', 'objectivity' belong to the PSR cluster, whereas 'will', 'experience', 'belief', 'opinion', 'probability', 'subjectivity' belong to the PIR cluster. Because engineering couples values and knowledge to "the world" engineering practice should enable the exploration of experience "as a source of values". Engineering is a major source of insight into [42, p23] . Starting with that axiom should also produce a different epistemology of engineering. By the time of the first workshop at Delft books by Bucciarelli [43] and Koen [3] make it clear that there was an active search for a philosophy of engineering. For example, following on from Goldman, at the second workshop Schiaffonati used AI, defined as both science and engineering, to assess the philosophy of engineering partially independently from the philosophy of science. She contended that the differences between the two philosophies rested on the type of problem to be solved and the methods used to analyze it [44] .
Pirtle [45] takes the view that a philosophy of engineering can be established by the creative adaptation of Cartwright's [46] and Giere's [47] philosophies of science. He argues that the law based interpretation of scientific theory led to a lack of interest in the philosophy of engineering since engineering was supposed to lack laws. But both theorists reject aspects of the law-based interpretation of science. Giere for example, believed that the understanding sought by science "is just as bound by human purposes as is the construction of artefacts used in engineering". Cartwright rejects the idea that fundamental laws are essential to explanations in physics. He argues that phenomenological laws that describe piece meal parts of reality are the most important aspects of scientific theory. The link with engineering arises because its task is "to create models that […] 
describe the world […]". (See Grimson below)
Whether or not there is one philosophy of engineering or a philosophy of myriad facets is a matter of debate. It is unsurprising given the nature of life that at the workshop Durbin should answer that there is not a philosophy of engineering (singular) [48] . Neither is it surprising given the heuristic base of Koen's philosophy that he should argue that his method is universal [49] , or that at the second workshop that he should examine the view that "philosophy is the study of the heuristic by heuristics" as it applies to a philosophy of engineering [50] .
Durbin argues that what emerges is something that has many facets like a diamond. Engineering is like the many facets of the inner crystalline structure of a diamond. It is fore example a guild "with its own professional associations, educational system, and place within the larger society in which it thrives" where the outside represents external criticism. From the inside are the ways engineers see the structure of engineering, and he focuses on the work of Bunge [51] [53] . This points to a difficulty already noted, that is the boundaries between, sociology, the sociology of knowledge, psychology, in particular the psychologies of developmentcognitive and otherwise and learning are difficult to decipher. For example the sociology of knowledge with its twin of Piagetian constructivism has had a profound influence on some engineering educators [54] .
Like Goldman Durbin considers that pragmatism and especially the way it was developed by John Dewey to be extremely significant for engineering thus the idea of democratic schooling is reflected in the argument that engineers should accept social responsibilities as an intrinsic part of their work, and much has been written about this in recent years in the ASEE and FIE proceedings as well as the engineering journals. Durbin citing Winner goes so far as to argue that engineers need to think about the democratic implications of their work. "That is, engineers are often anti-democrati." [55] . But that is to take us away from the problem of whether or not engineering has a different epistemological base to that of science. De Figueiredo offered an epistemology of engineering alongside an epistemology of design at the 2008 workshop. He argued that there were forms of knowledge peculiar to the awareness and the ability of the designer, and that we should concentrate on 'designerly' ways of knowing, thinking and acting [56] citing Cross in support of his view [57] . He attached importance to abductive reasoning "and the acceptance of courses of action, that seize upon chance information, adopt capricious ideas, and provoke creative leaps that seem to go against traditional scientific rigour".
He set out to demonstrate how an engineering epistemology could derive verifiable rigour from such situations. (Unfortunately the argument is not given in the abstract). More generally Mitcham and Mackey argued for a pluralistic approach to a philosophy of engineering [58] . They distinguished between six approachesphenomenological, post-modernism, analytical philosophy, pragmatism and Thomism. The sixth was linguistic philosophy, which they thought was important. As will be shown the case for it in a philosophy of engineering education is readily apparent. At this more general level the reader will find engineering philosophy and a philosophy of engineering used interchangeably, but Saarinen and his colleagues prefer to make a sharp distinction between the two terms. Philosophy of engineering is the philosopher's perspective on engineering whereas engineering philosophy refers to "mind set and general orientation of an agent that seeks out an improvement in some identified part of her environment with a conviction that an improvement generating solution to a problem at hand does exist" [59] . In this respect it is interesting to note that Bucciarelli's book is called "Engineering Philosophy". That there is a body of knowledge that can be incorporated under either term is well supported by work that has been done in epistemology and ethics.
ENGINEERING EPISTEMOLOGY
There are several important treatises on engineering knowing. Perhaps the most referenced work is due to Vincenti [60] . With the aid of cases taken from the aeronautical industry he explores how engineering knowledge is obtained. One of these case studies of an artefact that was intended to make a major contribution to flight never came to much but in its development engineers learnt much. Among other things, Vincenti makes the point that much of what goes on engineering unimportant but if we want to understand the complexity of engineering knowledge then we have to pay attention to the unimportant. Vincenti also presents an anatomy of design knowledge that has many similarities to Bosworth's ideas for the education of product technologists [61] . Surprisingly it does not seem to have been taken up by engineering educators. From these cases Vincenti produces a variation-selection model to account for the growth of knowledge in engineering but the link between this and how education and training in the mental activities for producing the variations is missing. What do engineers do when they get stuck on a major problem? Youngman et al failed to answer this question when they came across such a problem during their analysis of the jobs that engineers did [62] . [64] .
Related directly to the structure of the engineering curriculum is the view of de Figueiredo who argued that there are four dimensions to engineering knowledge [65] . First there is the science inspired dimension in which research is the preferred modus operandi. Second, there is the social dimension, which is about the creation of social and economic value. Third is the design dimension, and fourth is the "art of getting things done".
Much of the debate has centered on what engineers know and do not know rather than on students knowledge, but there are an increasing number of papers that look at what students know and do not know [66] . Among the reports is one about the development of an assessment instrument for measuring the pedagogical beliefs of first year engineering students in the dimensions of certainty of knowledge, simplicity of knowing, source of knowing, and justification for knowing.
Clearly discussion of epistemological issues in the philosophy of engineering spills over into matters of curriculum theory and practice.
SHOULD TEACHERS HAVE A PHILOSOPHY OF EDUCATION?
The commentary in chapter 3 of the 2005 review began with the view that every engineering educator should have a philosophy of education. More correctly they should be aware that some kind of philosophy drives their approach to education. This view had been put by Sherren and Long in Engineering Education in 1972 [68] , and they had referred in particular to realism; pragmatism; idealism and naturalism for their examples. Sinclair and Tillotson who were industrialists argued that the failure to achieve the goals of engineering education was because it lacked a proper philosophical base [69] . Self considered that the philosophies from which computer based learning derived were rational, pragmatic, critical, and radical [70] . The last two came within the ambit of the sociology of knowledge. He concluded that many of the current trends in CBL design could be related to post modern ideas about the role of technology in society.
Everyone has beliefs about people and student learning and motivation. It is important to understand these beliefs and expose them to the critique that is found in the literature as well as discussion. McGrann [71] begins his paper with four reasons suggested by de Vries for teachers to have a philosophy of engineering [72] . These are that a philosophy of technology can yield insights into curriculum development. (2) It can provide a conceptual basis for understanding technology. (3) it helps position the teaching of engineering. (4) it is helpful in identifying the research agenda in engineering education. As reported by McGrann the terms engineering and technology seem to be used interchangeably. Never the less McGrann includes a discussion of the literature in the discipline of the philosophy of technology in order to arrive at a meaning of There are twenty-two questions in all and with them he institutes an exercise that illustrates the process of screening in curriculum design although he does not say so.
SCREENING AIMS AND OBJECTIVES
Furst held that the aims of education should be screened for consistency by the philosophy of education and a defensible learning theory [73] . It implies that educators have some familiarity with philosophy. It also implies that there are often contradictions in their thinking as Livshits and Sandler [74] . It would embrace linguistic analysis as Yokomoto and Bostwick showed when they subjected the terminology in ABET EC 2000 to scrutiny [75] . McGrann links his thesis to a reorganization of the ABET criteria (3a-k) against the headings of Outcome, Knowledge, Skills, and Attitudes. He shows how his questions can be re-organized in terms of Ferré's categories of epistemology, axiology, metaphysics and methodology [76] . He concludes with words from Elsewhere Gorman showed how theories of knowledge could be used to meet criterion 3 of the ABET criteria. Jinks makes a distinction between knowledge and understanding and argues that knowledge comes first [77] . This would seem to be inherent in the way the authors of the Taxonomy of Educational Objectives placed their category of knowledge at the base of the tree [78] .
Several papers by Heywood discuss the relevance of screening to curriculum design. Beginning with Furst's own illustrations he shows how they can be used in the design of an engineering curriculum [79] . It may be argued that what he does is to ensure that curriculum designers were fully informed of relevant developments in the social science, and that as such it was the application of philosophy, learning theory and sociology to the design of the curriculum because it considered teaching strategies likely to bring about the required goals. In other papers he showed how screening works by contrasting the realist and constructivist perspectives on knowledge and their implications for the curriculum, and how Whiteheads rhythmic theory of education is relevant to understanding when to integrate a curriculum [80] .
There is much to support the view that engineering educators should have defensible philosophies of learning.
PHILOSOPHY IN THE CURRICULUM
It cannot be said that among engineering educators there was any widespread interest in philosophy or the philosophy of technology apart from occasional papers in the journals and at conferences. Some engineering educators used the terms philosophy and epistemology very loosely. They would talk about the "philosophy of the course…" and link it to whether, say for example, it was more theoretical than practical. It was about the reasons for following a particular curriculum path. Heywood termed this operational or working philosophy.
There is in the literature of the period a demand that engineering students should acquire the abilities necessary to solve complex and novel problems; an ability that Elms likened to 'wisdom' [81] .
However, the beginnings of a substantive philosophy of engineering education occurred in 1985 when ASEE published a short monograph by Koen on method in engineering. It proved controversial. Over a twenty-year period he developed this thesis into a book length publication [82] . Four years later at one of the Workshops on Engineering and Philosophy he made a further development in his theory [83] . Koen makes a bold claim in the introduction to his book namely that his purpose "is to develop a compelling definition of the universal methodthat is to define the method you should use, indeed the one you must use, to solve the problems you would solve". He is not the first engineer to make such a claim. Wales and Stager made the claim that there problem solving heuristic could be applied in any subject, and this was confirmed by Heywood among groups of 12 to 17 year olds across the subjects of the school curriculum [84] . But if challenged, he would say yes the heuristic works in any subject but you cannot be sure if it works because school students like structure, or that the same students would use it as a matter of routine. Nevertheless, Koen argues that the strategies we use for solving problems and bringing about change are all of the same kind. "This common strategy is the use of heuristics. In the case of the engineer, it is given the name of engineering design" [ p 27]. Unlike the work with the pupils in which only two heuristics were used -Wales and Stager's and Polya's -Koen describes many heuristics because in his definition a "heuristic is anything that provides a plausible aid or direction in the solution of a problem but is in the final analysis unjustified, incapable of justification and potentially fallible" which goes against the grain of thinking in engineering. Yet it will surely guide, discover and reveal. He gives the following examples of engineering heuristics as "at some point in the project, freeze the design', 'Allocate resources as long as the cost of not knowing exceeds the cost of finding out', 'Allocate sufficient resources to the weakest link', and 'Solve problems by successive approximations ' Much the 2005 review was given over to a discussion of the constructivist-realist debate that had been engendered in science education and taken over by many engineering educators. While reviewing the work of two Matthews on the subject, both realists, the review overlooked a phrase used by Michael Matthews [85] . It was pedagogical constructivism. It is helpful in the sense that it implies that a teacher who says that he is a constructivist is saying that he believes that it is through active learning that students learn. In this way the teacher does not have to become involved in debates about the reality of knowledge or the relativism that is inherent in constructivism. It does ignore the fact that any 'good' teacher is likely to involve students in their own learning.
Phillip, the other Matthews presented an alternative that accounted for learning by reference to present understandings of how the brain works [86] . He argued that there were instances where it was an advantage for some students to learn certain things by rote. The remainder of the 2005 review was given over to arguments for teaching ethics in engineering education, and to what seemed to be a pre-occupation with the teaching of codes of conduct and the influence they should have on professional responsibility. Haws who undertook a metaanalysis of 42 published papers on ethics found that of the 12 that dealt with professional codes most seemed to take an authoritarian (in the sense of dogma) stance [87] . In terms of Kohlberg's theory of moral development the codes and practice in teaching functioned at the pre-conventional level of development. No attention was paid to the possibility of moral development irrespective of whether such development was measured by tests that informed behaviour. A key question is whether or not engineering students are predisposed to the reflection and introspection that discussion of moral purpose in engineering requires. As for teaching half of the papers reviewed case studies and there was some recognition of value of moral dilemmas. Overall much more attention had been paid to problems associated with the teaching of ethics than to the other aspects of philosophy recorded above for this reason the organizers of the special sessions on philosophy in subsequent years at FIE, mostly excluded ethics from their discussions with one significant exception (see below). The special discussions and associated papers at FIE in the years which followed considered the role of the philosophy in the design of the curriculum (screening), and sought answers to the questions -Should philosophy be taught in engineering programmes? And should teachers have a philosophy of education?
Background papers that set out the case for philosophy were prepared by Smith [88] and Smith and Korte [89] in two literature reviews. The first came at it from the perspective of a philosophy of education course and some of the readings are those that would have been found in such a course, as for example, Noddings [90] . The second paper was altogether more idiosyncratic as its title showed. Compressed into these short papers are explorations of "the nature of engineering reality (ontology), how we come to know engineering (epistemology), the connection between thinking and doing, and between theory and practice, and the nature and development of a culture of inquiry". It can now be seen that the parallel discussion in the philosophy and engineering workshops were dealing with the same issues but not from a specifically educational perspective.
The first section of the second review concentrates on design and design epistemology. They recommended Nelson and Stolterman's [91] book and in particular an article by Rowland [92] . They also summarised Perkins somewhat different view that "knowledge is design" [93] . Were they asked to write a new review they would undoubtedly give substantial space to a critique of Bucciarelli' book on engineering philosophy within the context of design [94] . However, the approach they adopted arose from the search for a closer link between thinking and doing and at hand was a recently published paper on the topic by Van de Ven and Johnson called "Knowledge for Theory and Practice" [95] ."Engaged scholarship is a participative form of research for obtaining the advice of key stakeholders, researchers, users, clients, sponsors, and practitioners to understand a complex social problem". Put in this way it seems very much what an action researcher would do, and it is a reminder that sometimes the Delphi technique has been used for purposes similar to this. Van de Ven and his colleagues argued "that the gap between the academy and practice is not a problem of transferring knowledge from scholars to practitioners but rather a problem of producing knowledge that informs scholarship and works in on practice". Engineering should be ideally suited to this and it finds philosophical support from the work of Macmurray who argued in "The Self as Agent" that the theoretical arises from the desire to solve practical problems [96] . Whichever view is taken it has implications for the curriculum and how and what is taught. An important question is how do the "forms of knowledge" differ (if at all) in the educational and industrial environments? It is has implications for the organizational structure of courses, as for example those that are cooperative (sandwich) based for it provides rationale for the integration of knowledge between experiences in industry and what happens in the academic components of the program.
Smith and Korte draw attention to the work of Jennifer Turns who points out that much research in engineering education has focused on students and not on teachers. The same is true of school teaching. They continued the argument begun with Sherren and inform our practice. While it is only small-scale Pawley's report on the teacher narratives about their approaches to engineering education is an important step toward a better understanding of engineering educators and it is to be hoped that more studies of teachers operational philosophies will be reported [97] . In the fourth of the FIE special discussions Smith and Korte set out to show the value of the philosophical method in teaching and learning. They based their workshop on Rescher's examination of the methodology of philosophizing [98] , and designed an interactive workshop to show how philosophical reasoning could be used in the study of engineering. A challenging exercise would be to examine civil engineer Blockley's contention that "truth is to knowledge as risk is to action" [99] . Philosophical reasoning can also be an aid to educational decision making as both Rescher and Fitzgibbons show [100] . But philosophy can contribute to policy making in other ways particularly in screening the aims of committees charged with making educational policy.
More generally, philosophical thinking is a reflective practice. Policy makers tell us that they want students to be reflective practitioners but too often reflective practice is seen to be some kind of superficial evaluation. Reflective practice is an art that requires a philosophical disposition [101] . Philosophical reasoning is reflection-in-action and as such contributes to the liberal education of the student. Grimson is of a similar mind to Korte and Smith. He sees a philosophy of engineering as being different to a philosophy of science. He argues that while falsifiabilty in an important test in scientific proof it does not have this significance in engineering [102] . Rather, failure has an important role to play in engineering design. Thus he argues, "generalizing a philosophy of science to encompass engineering is, at best problematic". In this respect the view that in so far as the teaching of engineering science subjects applies the philosophy of science as it leads to a theory of instruction is also relevant. Grimson looks to the classical branches of philosophy to see what can be said about the 'activity' of engineering, and in this respect he takes heart from Wittgenstein not because he trained as an engineer but because he opined, "philosophy is not a theory but an activity". So Grimson argued that the way to produce a philosophy "is to use its activities (in this case those of classical philosophy) and produce a set of observations which taken together characterize engineering." Once again the need to know what engineers do is apparent. Grimson's model links the classical divisions of philosophy to design as exemplified by the Crystal Palace that was built for the great exhibition of 1851.
There is little in the recent literature about courses in traditional philosophy for engineering students although many teachers in the liberal arts are philosophers. But there would seem to be many possibilities. They do not have to be long but they do have to be interesting. This writer has often introduced students to philosophy by asking them to read Matthew's Philosophy and the Young Child as a source for discussion [103] .
ETHICS AND THE PSYCHOLOGY OF THE OUGHT
In the section on ethics in the 2005 review it was reported that teachers wanted to be able to measure the impact of ethics courses on their students. One approach that has been used was to use the Defining Issues test that had been designed and developed by Rest and his colleagues [104] . This was based on Kohlberg's theory of moral development and there was evidently some consensus that this theory should apply, and therefore that the Defining Issues instrument would provide insight into the effects of ethics courses on student moral development. This instrument continues to be used and engineering educators have subjected it to modification and development as for example, in a study designed to evaluate two curriculum approaches commonly found in engineering programs-the self-contained course taught by another department, or the teaching of ethics within an engineering module. An updated version of the Defining Issues Test was used in a quasi-experimental design that included a control group to evaluate the two programs. The limited ethics course did not improve the student's moral reasoning skills did but neither did the full course when compared with the control group. Drake and his colleagues suggested that DIT may not reflect discipline specific judgments and for that to be achieved an instrument would have to be designed that reflected engineering oriented issues [105] . Other papers have been concerned with the integration of ethics education into the engineering curriculum [106] . Among them was a paper on a cross-institutional study that compared two approaches to teaching ethics [107] , and in another study from same it was found that student perceptions and those of faculty and administrators differed as to what was actually delivered [108] . Members of this group are also involved in a four-year project on "Exploring Ethical Decision Making" in which they were "building a survey of Engineering Ethical Development (SEED) instrument [109] .
While the review was at the press Herkert made an important distinction between macro and micro-ethics. Micro-ethics is related to the individual decision making of the engineer whereas macro ethics is the broader collective and social decision making about technology. He pleaded for macro-ethics to be part of a complete engineering education [110] . Herkert subsequently used climate change to illustrate his point [111] . Riley and her colleagues took up his plea and she specifically designed to introduce macro-ethics to upper level engineering students. The operational philosophy of the course is to be found in the pedagogies of liberation, feminist and post-colonial pedagogies, and critical theory. A key assumption that is challenged is that "technology is neutral". Topical units are technology and control, science and social inequality, consumption and materialism and agency and resistance [112] . In this context Aarne Vesilind edited a small but On the other side of the Atlantic Bowen responded to the focus that engineers have on technical ingenuity at the expense of everything else by proposing an aspirational engineering ethics that learns from the advanced analysis of ethics in other professions, as for example medicine [114] . His other example of business might be a little difficult for some to swallow. Be that as it may, his inspiration is drawn from the works of two very different twentieth century philosophers, Martin Buber [115] and Alasdair MacIntyre's "After Virtue" [116] . In respect of Buber he writes that "his formulation has the unique advantage the unique advantage of encompassing both person/person and person/natural world (environmental relations and of recognizing the importance of technical knowledge (-which seems to encompass Herkert's macro and micro-ethics-) It vitally balances the priority presently given to rule and outcome approaches to engineering ethics. In respect of "After Virtue" he argues that MacIntyre's virtue based "description of practises and institutions provides a starting point for a coherent description of engineering that can easily be recognized by professional engineers". So he categorizes the virtues and shows how MacIntyre's terminology can appropriately describe the outcomes of engineering.
Cutting across the view that Ethics is a philosophical subject Harding argues that in so far as it related to the development of students, it belongs firmly in the domain of cognitive psychology. At the same time his approach was greatly influenced by Kohlberg. Harding is an engineer who had been led to this different position in respect of ethics by work that he and his colleagues had done on cheating among engineering students. He argues that recent research "suggests that the average person does not consider ethical dilemmas in the abstract. Instead ethical decision making appears to be a complex dance between an individual's rational calculus of the ethical dilemma and their emotional response to the context of the dilemma […] In the trenches of daily life psychology has a better grasp on the workings of ethical decision making while philosophy helps to provide direction" [117] . In this respect it would seem important to note the importance of ideas on the development of cultural attitudes.
Harding discusses a holistic method of teaching that is due to Narvaez [118] . It has five steps. They are: establish caring relationships with each student, establish a climate of achievement and character, teach ethical skills across the curriculum using a novice-to-expert pedagogy, foster selfauthorship and self regulation, and build communities and co-ordinate development systems. In the language of today this seems to have been what Newman tried to do when he was tutor at Oriel College (Oxford) [119] .
In 
